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A B S TRACT 



Existing single channel radio teletype circuits employing single 
frequency shift, i.e. mark/space, are prone to interference from static, impulse 
type noise, and selective fading. The present invention provides time diver- 
sity which improves the error rates of such circuits. A stream of binary 
coded data is divided into first and second identical data streams. The data 
in the second stream is delayed by a predetermined number of frames. Sub- 
sequently, a comparison of the data in the two streams is made and one-of- 
four digital signals are produced dependent on the results of the comparison. 
The one-of-four signals are used to produce corresponding audio tones which 
are transmitted. At the receiving end, the audio tones are used to produce 
one-of-four voltages which are processed to produce third and fourth data 
streams corresponding to the first data stream and the delayed second stream. 
The third data stream is delayed by the same amount as the second data stream 
was delayed during transmissions, bringing the third and fourth data streams 
into correspondence. The better of the two data streams is then selected for 
use. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

A time diversity method of transmitting binary coded data compris- 
ing dividing said data into first and second identical data streams, delaying 
the data in said second data stream by a predetermined number of frames, 
subsequently making a comparison of the data in said first and second data 
streams and producing one-of-four digital signals dependent on said comparison, 
using said one-of-four signals to produce corresponding audio tones, and 
transmitting a carrier modulated by said audio tones, 

2 * A method as claimed in claim 1 wherein said one-of-four digital 

signals comprise four distinct voltage levels corresponding to said comparison 
as follows: 

level l: data "0" in both streams 
level 2: data "1" in both streams 

level 3: data "1" and "0" in first and second streams, respectively 
level 4: data "0" and "1" in first and second streams, respec- 
tively, 

3 * A method of decoding data transmitted in accordance with the 

method of claim 1 comprising receiving said audio tones, deriving one-of-four 
voltages corresponding to the received tones, producing from said one-of-four 
voltages third and fourth data streams corresponding to said first data 
stream and to the delayed second data stream respectively, delaying said 
third data stream by the same number of frames that said second data stream 
was delayed during transmission, and selecting for use the better of said 
fourth data stream and said delayed third data stream, 

4 * Time diversity apparatus for transmitting binary coded data com- 

prising means for dividing said data into first and second identical data 
streams, means for delaying the data in said second data stream by a prede- 
termined number of frames, means for subsequently making a comparison of the 
data in said first and second data streams and producing one-of-four digital 
signals dependent on said comparison, means responsive to said one-of-four 
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signals to produce corresponding audio tones, and means for transmitting a 
carrier modulated by said audio tones. 

5 # Apparatus as claimed in claim 4 wherein said one-of-four digital 

signals comprise four distinct voltage levels corresponding to said compari- 
son as follows: 

level 1: data "0" in both streams 

level 2: data »1» in both streams 

level 3: data "1" and "0» in first and second streams, 
respectively 

level 4: data "0" and "1" in first and second streams, 
respectively. 

6. Apparatus as claimed in claim 5 wherein said mans for delaying 
the data in the second stream coirprises a shift register controlled by a 
source of clock pulses. 

7. Apparatus for decoding data transmitted by apparatus in accordance 
with claijn 4 conprising means for receiving said audio tones, means for 
deriving one-of-four voltages corresponding to^ the received tones, means for 
producing from said one-of-four voltages third and fourth data streams cor- 
responding to said first data stream and to the delayed second data stream 
respectively, means for delaying said thdxd data stream by the same number of 
frames that said second data stream was delayed during transmission, and means 
for selecting for use the better of said fourth data stream and said delayed 
third data stream. 

8. Apparatus as claimed in claim 7 wherein said means for delaying said 
third data stream comprises a shift register controlled by a source of clock 
pulses. 
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This invention relates to a method and apparatus for time diversity 
transmission and reception of binary coded data. 

Existing single channel radio teletype circuits employing single 
frequency shift, i.e. mark/space, are prone to interference from static, im- 
pulse type noise, and selective fading. The present invention reduces the 
error rates due to these problems by providing time diversity. 

In accordance with the present invention, binary coded data to be 
transmitted is divided into first and second identical data streams. The 
data in the second data stream is delayed by a predetermined number of frames* 
Subsequently, a comparison is made of the data in the first and second data 
streams and one-of-four digital signals are produced dependent on the compari- 
son. The one-of-four signals are used to produce corresponding audio tones 
which are then transmitted on a suitable carrier. 

During transmission, the audio tones are received and one-of-four 
voltages are derived corresponding to the received tones. From the one-of- 
four voltages, third and fourth data streams are produced corresponding to 
the first data stream and to the delayed second data stream respectively. The 
third data stream is then delayed by the same number of frames that the 
second data stream was delayed during transmission, thus bringing the third 
and fourth data streams into time correspondence. The better of the third 
and fourth data streams is then selected for use. 

The invention will now be further described in conjunction with 
the accompanying drawings, wherein: 

Figure 1 is a block diagram of a transmitting system in accordance 
with the invention, and 

Figure 2 is a block diagram of a receiving system in accordance 
with the invention. 

Referring to Figure 1, there is shown a tape distributor 10 from 
which data to be transmitted is derived. Of course, the data may be derived 
from any conventional teletype code generator such as transmit/receive per- 
forators, keyboard machines, etc., in any code format. 

The input signal from tape distributor 10 is fed to a signal divider 
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12 which divides the input signal into two identical data streams on lines 13 
and 14. The signal divider 12 is simply a power divider, e«g 0 a resistive 
dividing network. The data in the second data stream on line 14 is delayed by 
a predetermined number of frames, as by a shift register 15 controlled by a 
source of clock pulses 16. Subsequently, in logic circuit 20, a comparison 
is made of the data in the first and second data streams and one-of-four 
digital signals are produced on line 21 dependent on said conq>arison 0 The 
one-of-four digital signals comprise four distinct voltage levels corresponding 
to the comparison as follows: 

level 1: data "0" in both streams. 

level 2: £ata "1" in both streams. 

level 3: data "1" and V0» in the first and second 
streams, respectively. 

level 4: data "0" and "1" in first and second streams 
respectively. 

The one-of-four digital signals on line 21 from logic circuit 20 
control the output frequency on line 24 from audio voltage controlled oscill- 
ator 22. The audio tone on line 24 then modulates a transmitter 25 in the 
same manner as a conventional tone keyer. It should be noted that any parity 
or redundancy code information could be included at the B.C. signal level 
prior to processing. 

The output of transmitter 25 feeds an antenna 27 over a line 26. 

Referring to Figure 2, the signal transmitted from antenna 27 is 
picked up by a receiving antenna 30 and fed over a line 31 to a receiver 32. 
The receiver produces an audio output tone over line 34 which is connected to 
a phase locked loop circuit 35. Fluctuation in the received tone frequency 
will then produce a correction voltage for a voltage controlled oscillator 
in the phase locked loop 35 which is a function of the received tone frequency. 
This correction voltage is fed over line 36 to channel identifier logic 37 to 
produce third and fourth data streams on lines 40 and 41, corresponding to 
the first data stream and the delayed second data stream from the transmitter. 
The third data stream over line 40 is fed to a shift register 42 controlled 
by a clock 43 and shift register 42 delays the third data stream by the same 
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number of frames as the second data stream was delayed during transmission. 
The output of the shift register 42 on line 45 is thus brought back into time 
correspondence with the data stream on line 41. Lines 41 and 45 feed a diver- 
sity combiner 46 which selects the better of the two data streams as by parity 
checking, signal/noise ratio, or A.G.C. gating referred back to the radio 
receiver. Thus the better of the two data streams is fed from the diversity 
combiner 46 over a line 47 to a point of use, such as a printer 48. 

The signals on lines 41 and 45 could alternatively be combined. 

The phase locked loop 35 may comprise a National Semiconductor 
LM 565 or LM 565 C. These are general purpose integrated circuit phase locked 
loops containing a stable, highly linear voltage controlled oscillator. 

The clocks 16 and 43 should, of course, be closely matched, i.e. 
have the same rate. The normal 50 or 60 Hz A.C. supply is used for synchro- 
nization of teletype signals. 
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